A food web is presented which describes trophic interactions among the herbivores, parasitoids, predators and pathogens associated with broom, Cytisus scoparius (L.) Link. The data come from published work on the community at a single site. The web comprises a total of 154 taxa: one plant, 19 herbivores, 66 parasitoids, 60 predators, ®ve omnivores and three pathogens. There are 370 trophic links between these taxa in the web. The taxa form 82 functionally distinct groups, called trophic species. 2. Predators consumed signi®cantly more species than did parasitoids: a median of two prey species per species of predator (range = 1±9), compared to a median of one host species per species of parasitoid (range = 1±4). Signi®cant dierences in the number of species consumed were also found among the ®ve predator groups: birds (median = 4), spiders (median = 5), Coleoptera (median = 1), Diptera (median = 2) and Hemiptera (median = 7). 3. Vulnerability, measured by numbers of consumer species, was signi®cantly aected by the herbivores' feeding styles: externally feeding herbivores were most vulnerable and the concealed herbivores were least vulnerable. Miners were vulnerable to the most parasitoid species and externally feeding herbivores were the most vulnerable to predators. 4. Resource species had a median vulnerability of 13 consumer species, a ®gure far higher than that in most published food webs. No signi®cant relationship was found between species' vulnerability to predators and vulnerability to parasitoids. However, there was a strong negative relationship between the percentage mortality due to predation and percentage mortality due to parasitism. 5. The broom food web contains nine orders of insects, a ®gure higher than previously recorded. The web also contains vertebrates, arachnids, bacteria and fungi. Most of the interactions between the orders were weak. Connectance was calculated for the complete web, the parasitoid sub-web and the predator sub-web. The connectance of the predator sub-web, a value of 0´0364, was more than an order of magnitude larger than the connectance of the entire web (0´0156) or the parasitoid sub-web (0´018). 6. The body lengths of 52 species in the food web were estimated from ®eld guides or museum specimens. Larger predators consumed smaller prey in 93% of preda-tor±prey interactions. Smaller parasitoids consumed larger hosts in 79% of parasi-toid±host interactions. Parasitoids were signi®cantly smaller than predators. 7. The 52 species were arranged in order of increasing body length along the columns and down the rows of a food web matrix. The predator sub-web was predominantly upper triangular with 8% of non-zero elements falling below the leading diagonal. The parasitoid sub-web was predominantly lower triangular with 21%
Introduction
An attraction of food webs is that they cut across the narrow habitat and taxonomic divisions that are still a powerful, restricting force in the development of ecological theory (Lawton 1995) . Ideally, food webs could ful®l this goal by representing a random sample of all species found in natural communities. Far from this ideal, ecologists typically ignore parasites and diseases and restrict their study to either parasitoid±host communities or predator±prey communities (Lawton 1989; Marcogliese & Cone 1997) . Consequently, habitat and taxonomic divisions still restrict ecological theory. For example, many terrestrial projects have looked at the parasitoid species richness of dierent host insects and plants (e.g. Askew 1961; Askew & Shaw 1986; Hawkins & Lawton 1987; Memmott, Godfray & Gould 1994; Muller et al. 1999) while ignoring predator species richness or pathogen species richness within the same communities. In contrast, numerous freshwater food webs almost exclusively describe predators while ignoring parasitic and pathogenic trophic interactions (e.g . Winemiller 1990; Martinez 1991; 1993a; Havens 1993) .
These discrepancies are largely due to the relative ease of observing trophic interactions in these dierent habitats. Quantifying parasitoid species richness for a terrestrial herbivore is relatively simple. The herbivore is simply collected from the ®eld and parasitoids reared out in the laboratory. However, it can be extraordinarily dicult to determine preda-tor±prey interactions. The hit-and-run style of insect predation makes it easy to miss a predator±prey interaction. It is also rare for clear evidence to remain of who ate whom, after predation occurs, which further compounds the problem. In aquatic habitats, the trophic resources of predators and herbivores such as ®sh and zooplankton that engulf their prey whole are relatively easy to observe in gut contents. Beyond ease of observation, divergent subdisciplinary conventions (e.g. terrestrial vs. aquatic ecology) also maintain the appearance of empirical discrepancies between habitat types (May 1983) . One of the few trophic hypotheses that bridge predator and parasitoid-biased studies is the assertion that the host ranges of parasitoids are more specialized than those of predators because parasitoid life histories are more intimately tied to their hosts (Price 1980) . Here, we present one of the few studies that compares the generality of parasitoid±host and predator±prey interactions in the ®eld. Hawkins & Lawton (1987) and Hawkins (1988) have demonstrated that herbivore feeding strategy aects vulnerability as measured by the species richness of parasitoids that consume the herbivore. They proposed that the pattern could be explained by dierences in the ease with which parasitoids locate hosts in dierent feeding niches and the degree to which the hosts are protected from predation. Hawkins, Cornell & Hochberg (1997) investigated the mortality factors of 78 species of insect and their data suggest that herbivore feeding biology aected pathogens, predators and parasitoids dierently. Although the characteristics that in¯uence the vulnerability of herbivores to parasitoids have received considerable attention, interactions among parasitoids and predators have been much more sporadically studied and it is not clear how mortality due to dierent types of consumers covary (Hawkins et al. 1997) . How and where a herbivore feeds undoubtedly in¯uences its predators (Hawkins & Lawton 1987 ), but it is not clear whether herbivores escape one type of enemy only to be consumed by another type of enemy.
Herbivore feeding style is one of many factors that aect trophic interactions in insect communities. Body size is also important. For example, large predators eat prey with a wider range of body sizes than do smaller predators (Cohen et al. 1993a) . Body size is one of the most obvious features of any organism and one of the most easily measured. One approach to studying the relationship between size and trophic relationships is to measure the ratios of weight or body-length of consumers and their trophic resources in a particular community. This approach has not previously been used on a large insect food web.
In their work on the cascade model, Cohen & Newman (1985) demonstrated that statistically assembled food web matrices, constrained to be upper triangular, generate several of the patterns found in food webs. The cascade model assumes that species can be arranged into a cascade or hierarchy such that a given species can feed only on species below it and itself can be fed on only by species above it in the hierarchy (Pimm, Lawton & Cohen 1991) . The original work on the model did not provide an explanation for the proposed trophic cascade, but subsequently body size has been suggested as a likely candidate (Warren & independently by Cohen 1989b) . Thus, predators are typically larger than their prey (Vezina 1985) and parasitoids are typically smaller than their prey (Elton 1927) . Published food webs largely conform to the assumptions of the cascade model, based on a hierarchy of body sizes. For example, Cohen et al. (1993b) found that about 90% of feeding links involve a larger predator feeding on a smaller prey. However, this is not because there are no exceptions to these generalizations, but because nobody has really studied them (Lawton 1989) . Thus, parasitoid sub-webs support the cascade model, as do predator sub-webs, but the body size interpretation of the cascade model has not been tested against a web containing predators, parasitoids and pathogens.
In this paper, we describe a community centred on Scotch broom, Cytisus scoparius, at a ®eld site in England. The data are presented as a food web describing the trophic relations in a community of 154 species: one plant, 19 herbivores, ®ve omnivores, 66 parasitoids, 60 predators, and three pathogens. The data come from published work on these organisms at a single ®eld site. We use the food web to answer ®ve questions: (1) Is the trophic generality of predators greater than that of parasitoids? (2) Does herbivore feeding style aect herbivore vulnerability to predator, parasitoid, hyperparasitoid and pathogen species to the same degree? (3) Does mortality due to predators and parasitoids covary? (4) Does analysing parts of food webs (i.e. webs missing entire groups of consumers) bias estimates of food web statistics? (5) Does a food web containing predators, parasitoids and pathogens conform to the assumptions of the cascade model?
Materials and methods

T H E F I E L D S I T E
The data are from Silwood Park, Berkshire in southern England (51 24 H N, 0 34 W). At the time of the study, the ®eld site was 97 hectares in size and the insects were collected from broom growing in six areas of the site. These study sites are described in detail in Walo (1968) .
T H E D A T A
The information used to construct the food web was collected over an intensive 12-year research programme investigating the ecology of Scotch broom and its associated fauna. The data were collected by N. Walo, O. W. Richards, J. P. Dempster and their students between 1956 and 1968. Most of the data were collected in projects of a 3-year duration. The unifying factor in the work lies in the environment provided by the host plant (Walo 1968 ).
Most of the data presented here are from Walo (1968) , a paper which collates the data from 31 published papers and six unpublished theses on the broom fauna at Silwood Park. If not directly from Walo (1968) , the data are from publications cited in this paper. Scotch broom, henceforth called broom, is a widely distributed shrub in the British Isles and is found especially on disturbed soils. It grows to a height of 1´8±2´4 m and has a life span of 10± 15 years (Walo 1968 ). Broom supports a large fauna of phytophagous insects, many of which are con®ned to the species, together with their complex of parasitoids and predators. At Silwood Park there were nine Lepidoptera, ®ve Diptera, one Hymenoptera, seven Coleoptera and 13 Hemiptera species feeding regularly on broom during the study period.
During the research programme, parasitoid±host data were gathered by rearing out parasitoids from their hosts, predator±prey data were collected using immunological techniques to analyse predator gut contents and pathogen±host data were gathered from herbivore rearings. Many thousands of insects were collected during the project to collect parasitoids. In his work on predation on the broom fauna, Dempster (1960 Dempster ( , 1963 Dempster ( , 1964 Dempster ( , 1966 carried out over 40 000 precipitin tests (Walo 1968 ). These tests identi®ed the prey of three species of Anthocoris, the prey of the ®ve species of broom Miridae and the arthropod predators of the Mirids. These data were supplemented by 2000 tests by Watmough (1963), identifying the psyllid predators and 1500 tests by Danthanarayana (1965) identifying the predators of the weevil, Sitona regenstienensis Hbst. A precipitin test is based on the reaction between the prey material from the gut of a predator and the blood serum of domesticated rabbits. The rabbits have been vaccinated with an extract of potential prey species and consequently their blood contains antibodies to the prey. Data from precipitin tests were supplemented by data from laboratory and ®eld observations of predator prey interactions. Using these methods, the most important predators on broom and in the broom litter were identi®ed. These predator data are summarized in Walo (1968) .
Three pairs of insects species could not be distinguished from each other using the precipitin tests, the two species of psyllid, the two species of aphid and the two species of Orthotylus. For the purposes of analysis, it was assumed that each pair shared the same predators. The data on the broom fauna was used to construct Appendix I, a list of species found on broom and their prey. A ®gure of the food web has not been presented, as the density of links is too great to permit the tracing of individual links (Cohen et al. 1993a ).
The herbivores and omnivores were put into the six classes used by Hawkins (1988) : (a) external feeders (13 species); (b) semi-concealed feeders (0 species); (c) leaf miners (3 species); (d) gall formers, in this study including inquiline species (2 species); (e) concealed feeders (5 species) and (f) root feeders (1 species). The broom miners were actually stem miners rather than leaf miners. However, they are extremely visually apparent to the extent that they suer extensive predation by birds (Walo 1968 ). Consequently, these stem miners were classi®ed as leaf miners rather than placed in the concealed herbivore category as done by Hawkins & Lawton (1987) .
In addition to data on consumer±resource relationships, Walo (1968) also provided data on the percent mortality attributable to predators and parasitoids for 12 of the herbivorous species. If mortality data were available for more than 1 year, average values were calculated.
F O O D W E B S T A T I S T I C S
A measure of trophic complexity called directed connectance (the number of trophic links divided by the square of species richness (Martinez 1992) was calculated for the entire 154-species web, the 76-species parasitoid sub-web, the 84-species predator subweb and the 23-species pathogen web. Each of these webs contains the consumers, the herbivores and the plant. The subdivision of the web was carried out to evaluate the eect, on food web structure, of ignoring the predators (usually done in parasitoid subwebs), ignoring the parasitoids (usually done in predator sub-webs) or ignoring the pathogens (usually done in both parasitoid and predator sub-webs). Geographically de®ned terrestrial communities (Fauth et al. 1996) typically comprise parasitoids, predators and pathogens, but the three groups rarely appear simultaneously in published food webs.
Food-web statistics have frequently been based oǹ trophic species' which are functional groups of all organisms in a web that appear to share the same set of consumer and resource species (Briand & Cohen 1984) . The properties of trophic-species webs are calculated after all taxa that share the same consumers and resources are aggregated into the same trophic species. Directed connectance in particular has been shown to be robust to trophic aggregation (Martinez 1991; 1993b) and variations in species richness (Martinez 1993a ) and sampling eort (Martinez et al. 1999) . Food webs based on trophic species ameliorate taxonomic disparities (Cohen 1989a ) and exhibit statistically consistent patterns (Martinez 1993b (Martinez , 1994 . Thus, connectance was also calculated for trophic-species versions of the entire species web, the parasitoid sub-web, the predator sub-web and the pathogen sub-web. There were 84 trophic species in the entire web, 48 trophic species in the parasitoid and predator sub-webs and 22 in the pathogen sub-web.
The body lengths of 52 species from the 154 species web were collected from ®eld guides or from direct measurement of the species. Body length data could not be located for the remaining 102 species. There were 97 links between consumer species and resource species among these 52 species. These data were used for two purposes. First, by using the data to investigate the relationship between body size and feeding relationships in a natural community, we evaluated generalizations about predators, parasitoids and pathogens. These generalizations concerned their size and the size of their prey. Secondly, the data were used to test an interpretation of the cascade model. In the cascade model, the species are arranged a priori into a hierarchy. If this hierarchy is interpreted as body size, and if predator and prey species are arranged in order of increasing body size along the rows and down the columns of a food web matrix, the non-zero elements are predicted to lie predominantly above the leading diagonal. Such a matrix is termed`upper triangular'. Parasitoids and pathogens usually attack species larger than themselves and so create food web matrices that arè lower triangular' and the assumptions of the cascade model are still met (see Cohen & Newman 1985 for further details). For the broom web, the body lengths of the 52 species were arranged into hierarchical order for the whole web, the predator sub-web, and the parasitoid/pathogen sub-web. Food web matrices were drawn for each of the three data sets. Rather than drawing the conventional array of 0 (no interaction) and 1 (consumption), the matrices were plotted as graphs. Thus, a data point on the graph shows consumption between the species numbered on the x and y co-ordinates. This method makes the triangularity of the matrices simpler to interpret.
Results
H O S T R A N G E O F P A R A S I T O I D S , P R E D A T O R S A N D P A T H O G E N S
Predator generality, as measured by the species richness of resource species, is signi®cantly larger than parasitoid generality, as measured by the species richness of host species. Predators consumed a median of two species (range = 1±9) while parasitoids consumed a median of one species (range = 1±4), Wilcoxon two-sample test, W = 3146´5, P < 0´001: Fig. 1a,b ). Pathogen generality was not statistically analysed because only three pathogen species were present in the web. However, pathogen generality is very small (Fig. 1c ). The ®ve main groups of predators were examined separately; for each group the sample size, plus the mean number of species con-sumed, are as follows: birds (n = 5, median = 4), spiders (n = 11, median = 5), Coleoptera (n = 21, median = 1), Diptera (n = 6, median = 2) and Hemiptera (n = 14, median = 7). There was a sig-ni®cant dierence between the generality of these ®ve predator groups: Kruskal±Wallis test, H = 18´08, P < 0´001 (Fig. 2) . The spiders and the Hemiptera were the most generalized. The Coleoptera and the Diptera were the most specialized.
E F F E C T S O F F E E D I N G S T Y L E O N V U L N E R A B I L I T Y T O P R E D A T I O N , P A R A S I T I S M A N D H Y P E R P A R A S I T I S M
Herbivore feeding style had a signi®cant eect upon overall vulnerability in terms of the richness of consumer species (F = 9´16, P < 0´005, Fig. 3a) , upon vulnerability to predator species (F = 5´14, P < 0´005, Fig. 3b ) and to parasitoid species (F = 3´25, P < 0´05, Fig. 3c ). Herbivore feeding style did not have a signi®cant eect on primary parasitoid vulnerability to hyperparasitoid attack (F = 2´34, P > 0´05, Fig. 3d ). In these statistical tests, the data were log-transformed to meet the assumptions of normality and the data from the single root feeding species were excluded from the analysis. Externally feeding herbivores were most vulnerable to predators, mining herbivores were most vulnerable to parasitoids and primary parasitoids feeding on the gall inhabitants and concealed herbivores were most vulnerable to hyperparasitoids (Fig. 3a±d) . The pathogens consumed an externally feeding herbivore, a miner and the root feeder (Fig. 3e ). The distribution of the species richness of consumers (predators, parasitoids and pathogens) among herbivore species is shown in Fig. 4a . All species of herbivores had at least one consumer species. The range in vulnerability is large, going from one to 31 consumer species and is skewed to the left with a median value of 13 consumers. The distribution of the number of predator species per herbivore species shows a rather bimodal distribution: seven species of herbivores have more than 16 predators, and seven spe-cies have no predators (Fig. 4b) . The herbivores with no predators are found mostly living inside the broom seed pod. The distribution of the number of parasitoid species per herbivore species is skewed to the right with most hosts having 3±4 parasitoids (Fig. 4c ). The primary parasitoids on most herbivores are invulnerable to hyper-parasitoids, but a few species are consumed by 3±4 species (Fig. 4d) . The average herbivore's vulnerability to predators is higher than its vulnerability to parasitoids with median values of 5´5 consumers and three consumers, respectively; however, this eect is not signi®cant (Wilcoxon two-sample test, W = 645´5, P > 0´05, Fig. 4b,c ). Very few herbivores were diseased: only three species were consumed by pathogens (Fig. 4e ).
T H E R E L A T I O N S H I P B E T W E E N V U L N E R A B I L I T Y T O P R E D A T O R S A N D V U L N E R A B I L I T Y T O P A R A S I T O I D S
For the herbivore community on broom, there was a positive but not statistically signi®cant relationship between species richness of predators and species richness of parasitoids: r = 0´37, P > 0´05. However, there is a negative correlation (r = -0´79, P < 0´001) between the percentage mortality induced by predators and the percentage mortality induced by parasitoids among the 13 species for which we have data (Fig. 5) . Thus, a reduction in the mortality attributable to predators appears to be oset by an increase in the mortality attributable to parasitoids and vice versa.
T H E F O O D W E B
The web describes the interactions between nine insect orders, which comprise both predators and prey species, plus ®ve other types of consumers: spiders, harvestmen, birds, mites, fungi and bacteria. Cannibalism was rare in this food web; in the whole web, two predator species and two parasitoid species were cannibals.
Using taxonomic species (not trophic species or higher-level taxa) food web statistics were calculated for the whole web, the parasitoid sub-web, the predator sub-web and the pathogen sub-web. The number of species is obviously greatest in the whole web (154), approximately equal in the parasitoid (76) and predator (85) sub-webs and smallest in the pathogen sub-web (23). Connectance for the predator sub-web (0´036) is higher than that for the whole web (0´016) or the parasitoid sub-web (0´018) (Fig. 6a ) and re¯ects the wider host range of the predators. Food web statistics were also calculated for these webs after their taxa were aggregated into trophic species (Fig. 6b) . This treatment increased connectance as well as slightly changing the ranking of connectance among webs. Compared to the whole web and the parasitoid sub-web, the predator sub-web with 48 trophic species still had the highest connectance (0´072). However, the connectance of the whole web with 85 trophic species (0´032) became 19% higher than that of the parasitoid sub-web with 48 trophic species (0´027). The connectance of the 22 trophic-species pathogen web is 0´045.
A larger predator consumes a smaller prey in 93% of the 80 predator±prey interactions for which body sizes are known. A smaller parasitoid attacks a larger host in 79% of the 14 parasitoid±host interactions. Not surprisingly, all pathogens were smaller than their hosts. Parasitoids were smaller than predators (Wilcoxon two-sample test, W = 123, P < 0´001, Fig. 7 ). There was a greater range in predator body size compared to parasitoid body size: a 145-fold dierence in size between the smallest and the largest predator compared to a six-fold dierence in size between the smallest and the largest parasitoid. Figure 8 depicts the food web matrices for the whole web, the predator sub-web and the parasitoid sub-web. The predator sub-web is predominantly upper triangular, the parasitoid sub-web is predominantly lower triangular and the whole web neither upper nor lower triangular. A simple measure of upper triangularity in a matrix is the number of non-zero elements above the leading diagonal minus the number below, divided by the total number of o-diagonal non-zero elements (Warren & Lawton 1987) . This gives an index, U, from À 1 to + 1. The more positive the value the more upper triangular the matrix; for the predator sub-web U = 0´85 and for the parasitoid sub-web, U = À 0´57. U was not calculated for the whole web as body length data were biased towards predators. This would result in a biased measure of triangularity.
Discussion
This study reports the ®rst description and analysis of a large food web describing the trophic interactions among insect herbivores, their predators, parasitoids and pathogens. Food chains comprising green plants, insect herbivores and parasitoids include over half of all known species of metazoa (Strong, Lawton & Southwood 1984) . Thus the web may be characteristic of a substantial fraction of biodiversity. First, we outline potential sources of bias in the broom food web. Then we discuss predator and parasitoid trophic generality and the eect of herbivore feeding style upon herbivore mortality. We next look at the relationship between body size and the feeding relations of the organisms in this community. We end by discussing the advantages of studying complete communities of natural enemies rather than working on subsets of communities.
B I A S E S I N T H E W E B
Three broad categories of web can be found in the literature: sink, source and community webs (Cohen 1978) . The broom web is a source web; it was constructed by tracing trophic links upward from a species, in this case upward from broom, to broom herbivores and to herbivore natural enemies. However, broom does usually form dense monocultures, with other vegetation being shaded out by the broom (J. Memmott, personal observation). Thus, in the middle of a broom patch there would be few, if any other plants or herbivores present other than Fig. 5 . Relationship between the percentage mortality attributable to predators and the percentage mortality attributable to parasitoids for 13 herbivorous species in the broom web. those associated with broom. The use of source webs is a widespread practice in food-web biology. For example, all 12 of the plant±herbivore webs described in Schoenly, Beaver & Heumiers' (1991) study of insect food webs are source webs. Source webs, as subgraphs of their respective communities, overestimate or underestimate prey-to-predator ratios . Furthermore, the fractions of basal, intermediate and top species are sensitive to the number of source species in the web and linkage densities (Hawkins et al. 1997 ). We did not calculate predator : prey ratios or the fractions of basal, intermediate and top species for these reasons.
Most insect food webs qualify as`regional' food webs (Kitching 1987) as they are based on the summed data from a number of ®eld seasons and ®eld sites. The broom web has similar traits. Most of the studies lasted for 3 years and took place in more than one of the six broom patches at Silwood Park. Food web structure will vary both spatially and temporally and the data presented here are inappropriate for analysing spatiotemporal variability (Schoenly & Cohen 1991) . This shortcoming is shown by most published food webs.
Sample size can be a confounding eect in determining both the number of consumer species per resource species and the host range of the consumer species. For example, the number of parasitoid species reared from leaf miner species was signi®cantly aected by the leaf miner sample size (Memmott et al. 1994) . In the broom predator data, it is quite likely that common predators were tested more frequently than rare predators. This would lead to common predators having a greater host range than rare predators.
The study of the broom community by Walo and colleagues, while extensive, is not conclusive. Not all species that trophically interact with the 154 taxa at the Silwood site were sampled. Thus, some species will probably be missing from the web. For example, predators were not screened for pathogens, parasitoids or predators of their own, and some of the rarer herbivores found on broom were not studied at all.
D I S T R I B U T I O N O F T R O P H I C G E N E R A L I T Y
The ecological and evolutionary conditions selecting for trophic specialization are not well understood (Futuyma & Moreno 1988) . However, the processes leading to specialization by parasitoids and predators are likely to be dierent. For predators, the size of prey often determines whether or not it can be handled (e.g. Sih 1987), whereas for parasitoids the physiological characteristics of the host are important (e.g. Lawrence & Lanzrein 1993; Strand & Pech 1995) . Foraging strategy can also aect host range. For example, predators exhibiting an ambush-type foraging strategy typically exhibit broad host ranges, capturing and consuming a wide array of species (Strand & Obrycki 1996) . In the broom web, the largest host ranges are found in the spiders and the bugs, many of which exhibit an ambush style strategy. reported that predaceous insects are less trophically general than most other insectivores and that most insect species have no more than three local consumers. Sixty-six per cent of consumed species in the broom web have more than three local consumers and 37% of species had more than 16 local consumers (Fig. 4a) , assuming that all six sites in Silwood Park qualify as a single locality. The predator generality data presented here were determined by gut analysis, a method that does not rely on ®eld observation. We suspect that the high specialization reported by might be a simple consequence missing predator± prey interactions in the ®eld. For example, nocturnally feeding carabid beetles were found in the broom web and their resources included weevil eggs, a dietary item that would almost certainly have been missed if observational methods were used to determine trophic interactions.
The eect of feeding style upon parasitoid species richness agrees with that observed by Hawkins & Lawton (1987) . One dierence between the broom data and the data of Hawkins & Lawton was the high vulnerability of root feeders. While data from only a single root feeder were available, it does illustrate the fact that stages other than the concealed larval stage may be vulnerable to attack. Thus, the eggs of the root feeder were consumed by 12 species of predator and the adults were consumed by parasitoids. Hawkins et al. (1997) looked at the life tables of 78 holometabolous insect species and found that, on average, parasitoids killed a greater proportion of each species than did either predators or pathogens. It is not possible to generalize about which class of consumers in the broom web is the main source of mortality due to the negative relationship between mortality caused by predators and mortality caused by parasitoids. Thus, it appears that if a herbivore has a low level of mortality from predators, it suers from a high level of mortality from parasitism and vice versa. A problem remains with the data in that parasitized insects could be consumed by predators before the parasitoid has emerged which would conceal the parasitoid attack. Alternatively, parasitism or disease may render the herbivore more likely to succumb to predation. Unfortunately, correcting for hidden interactions among mortality sources requires information that is generally unobtainable in the ®eld (Hawkins et al. 1997) . Consequently, the data in Fig. 5 are only suggestive.
T H E F O O D W E B
If the patterns observed in the broom web are general, it appears that insect food webs which exclude predators do not bias estimates of community connectance as much as excluding parasitoids. Webs that exclude parasitoids overestimated the value of connectance in our whole web by more than a factor of two. Given that much food-web theory centres on the idea of connectance (Lawton 1995) and given the reluctance of many food web biologists to include parasitoids or pathogens among the consumers in their communities (but see Pike 1995 and Huxham, Beaney & Raaelli 1996, for exceptions) , this bias is a cause for concern. The connectance of terrestrial webs (e.g. Goldwasser & Roughgarden 1993) and aquatic webs (e.g. Martinez 1991; 1993a ) that ignore parasitoids and other highly specialized species, such as parasites and pathogens, may substantially overestimate the connectance of more complete communities in those habitats.
Connectance of trophic-species webs has been shown to be particularly robust to variable aggregation (Martinez 1991; 1993b) and sampling eort (Martinez et al., 1999) . The connectance of our trophic-species webs appears comparable to other webs in the literature. Many predator-dominated webs have connectance approximately equal to 0´1 or from about 0´06±0´14 (e.g. Huxham et al. 1996; Martinez 1992; 1993a Goldwasser & Roughgarden 1993) while another intensely observed parasitoid sub-web (Martinez et al. 1999) has a connectance of 0´02. Our predator and parasitoid sub-webs fall within similar ranges. It is reasonable that the combined web would have an intermediate level of connectance between these extremes. Further analyses of trophic webs may generalize our result that the connectances of whole webs are intermediate between those of predator sub-webs and those of parasitoid sub-webs. Huxham et al. (1996) studied the eect of web completeness upon food web statistics using data from an estuarine web in the Ythan estuary, England. In this study, webs of four dierent levels of resolution were constructed. Two of these webs (version 1 and version 2) use data based on observed, as opposed to hypothesized, links and consequently are comparable to the broom web. Version 1 was predominantly a predator web, while version 2 included substantial numbers of parasites. The connectance of these two webs were 0´098 and 0´058 respectively. While these data are dierent from the comparable values from the broom web (0´036 and 0´016) the eect of excluding parasites is the same ± connectance is overestimated.
In the broom web, parasitoids constitute half the consumer species of broom herbivores and 81% of the parasitoids measured attacked prey larger than themselves. Parasitoids and parasites that attack only species larger than themselves create food web matrices that are lower triangular. In this case, the cascade model still holds because species are still ordered in hierarchy. In the broom food web, the predator sub-web is nearly completely upper triangular and the parasitoid/pathogen web is nearly completely lower triangular. That is, the whole web is not triangular and therefore inconsistent with the cascade model if body size is the basis of the feeding hierarchy. Still, the trophic cascade model based on body size may be applicable to subsets of food webs such as those based on predators or on parasitoids/ pathogens as long as none of these species is cannibalistic.
A number of critiques of food web research have lamented the¯aws in published webs and listed the ways in which they can be improved (e.g. Paine 1988; Lawton 1989; Cohen et al. 1993b) . Attempts have been made to remedy some of their ills. Thus, the eects of spatial and temporal variation have been addressed (e.g. Warren 1989; Schoenly & Cohen 1991; Tavares-Cromar & Williams 1996) , interaction strength has been quanti®ed (Paine 1992; Hall & Raaelli 1993; Muller et al. 1999) and webs have been experimentally manipulated (e.g. Paine 1992; Memmott, Godfray & Bolton 1993) . However, there remains a decided paucity of webs, such as ours, that include multiple classes of consumers.
Ideally, such community webs should be fully quantitative, with the densities of all consumers and resource species expressed in common units. Quantitative webs are superior to connectance webs for addressing intra-system population dynamics because they provide quantitative insight into the relative in¯uence of shared consumers and the degree to which one or a few species might aect population dynamics within the system (Memmott et al. 1994) . The study of host±parasitoid and preda-tor±prey interactions has proved a fruitful and active area of population dynamics over the last 20 years. However, attention has focused almost exclusively on interactions between pairs of species or, at the most, assemblages of a few species. Aside from the simplest agricultural systems, the vast majority of terrestrial trophic interactions are embedded in a complex food web including predator, parasitoid and pathogen interactions. Although there may be a complex web of interactions linking many consumer species with their resource species, a few interactions may dominate the system numerically (Paine 1988 (Paine , 1992 . The idea that communities may be dominated by a few keystone species has a long history in ecology (Mills, Soule & Doak 1993) (but see McCann, Hastings & Huxel (1998) and Berlow (1999) for an alternative viewpoint). The presence of keystone species within comprehensive food webs will increase the likelihood that we can extend our understanding of simple consumer± resource interactions to the study of more complex communities.
As already stated, there are many data on parasitoid trophic habits but few data on predator, parasite or pathogen trophic habits. The predator data presented here were collected using a method developed by Leone in 1947 (Dempster 1960) . More modern techniques (e.g. molecular probes) may be adapted to identify predator gut contents. Such methods exist and are widely used in applied studies; for example, Symonson et al. (1996) used enzymelinked immunosorbent assay (ELISA) to determine the concentration and quantity of slug haemolymph in the crops of carabid beetles. To date, such methods have not been applied to food web research. Pathogen data in webs are lacking probably because the ®eld of pathogen community ecology is in its infancy, particularly in comparison to the study of the impact of pathogens on host population dynamics. This problem may be addressed by involving pathologists in food web studies.
We have shown that including more classes of consumers in the same web identi®ed new patterns, such as the low connectance in parasitoid sub-webs, and suggested that predator-dominated food webs may overestimate connectance, at least in source food webs. Systematic inclusion of pathogens in food webs may lead to further advances as well as provide a more realistic description of the trophic structure of natural communities.
